AT irregular intervals during the past 100 years, there have been reports on the methods of study, general structure, modifications, and functions of the avian respiratory system. Most of the work has been done with the Pigeon, Columbia livia (Muller, 1908; Gilbert, 1939) and the Chicken, Gallus gallus (Locy and Larsell, 1916; McLeod and Wagers, 1939). These and other references in the literature serve merely as an introduction to the study of functions and variations in structure of avian respiratory systems.
The walls of the air sacs are so thin that, in most birds, as soon as the body cavity is opened the sacs collapse, making their extent and connections extremely difficult to determine. In order to overcome this difficulty, some material which will solidify later is injected into the respiratory system through the trachea. Muller (1908) used paraffin or gelatin, and Gilbert (1939) used Wood's metal for injection.
In this study, three Loons were used. Gelatin was injected into the respiratory system of one bird, and paraffin (melting point 45 ø C.) was used in the other two.
Gelatin filled well but became brittle and crumbly in formalin and thus proved to be unsatisfactory. For injection with a heat-liquified medium, such as paraffin, the body of the bird must be maintained at a temperature slightly above the solidification point of the medium to insure filling of the smaller 
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spaces. This was done effectively by keeping the bird immersed in a water bath of the desired temperature. The injection was accomplished by forcing the injection mass, from a pressure flask held in a hot-water bath, through a canula inserted into the trachea. Controlled air pressure was supplied by a small air pump. An automatic cut-off in the line, adjusted to three pounds pressure for the Loon, prevented over-distention of the sacs. Air was forced from the respiratory system by alternately filling it with paraffin and squeezing out the paraffin-air mixture until no more air bubbles could be expelled. Usually four or five fillings, with proper turning of the bird while the air was being forced out, i)roved sufficient to remove all air. When injection was considered adequate, the canula was removed from the trachea, excess injection medium allowed to escape under pressure of the normal elasticity of the bird's body, the trachea tied, and the body immersed in formalin or phenol solution until the tissues were fixed thoroughly or, if already fixed, until the injection mass had solidified. The birds were skinned either before injection or after fixation.
Detailed dissections were made to determine the locations of the air sacs and their diverticula in relation especially to the muscles, nerves, and skeletal units. Howell's (1937) terminology was followed. The subscapular diverticulum is a caudal extension from the cervical lobe of the interclavicular sac and is secondarily connected medioventrally to the dorsal end of the postcoracoid diverticulum (Fig. 1) (Figs. 1 and 2) . Dorsally and laterally, they are limited by the body wall with which they are fused; ventrally and medially, they adjust their shape to the digestive viscera. The left abdominal, which was observed to be the larger of the two sacs in the three Loons examined, is much broader posterior to the gizzard. The enlarged portion of this sac crosses the midline of the body and extends around the tip of the smaller and more uniform right abdominal. These sacs have no diverticula in the Loon. Variations of the general contour of the posterior abdominal sacs were found in all specimens examined.
Connection of the posterior abdominal sac with the posterior tip of the lung occurs regularly by a single broad tube which is a direct continuation of the mesobronchus. In one specimen, a second, smaller connection was found lying parallel to the regular connection.
DISCUSSION
No injection material which is entirely satisfactory has been used thus far in the study of air sacs. Paraffin, which must be heated before injection, is apt to solidify before all the sacs are filled. Any Gelatin requires little heat and mixes with water. However, in either alcohol or formaldehyde, the gelatin becomes extremely brittle so that it crumbles within the sacs, and interconnections are difficult to follow. Wood's alloy, which has a specific gravity of 9.5 and a melting point of 70 ø C., gives an excellent injection of the lungs. For a bird as large as a Loon, however, the mass of Wood's alloy necessary to fill the respiratory system is so great that it would rupture the air sacs. Also, it seems from Gilbert's discussion (1939) that it is nearly impossible to get a complete injection in a single specimen.
Liquid latex is an excellent injection medium, since it is elastic, holds its shape, and fills connections so that they do not break when dissected. However, it was not available at the time this work was done. Details of its use will be given in subsequent reports.
Muller ( In the Common Loon there is no penetration of any bone by any air sac.
